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Abstract
Caﬀeine is the most widely used psychoactive substance in the world and it is generally believed that it promotes
beneﬁcial eﬀects on cognitive performance. However, there is also evidence suggesting that caﬀeine has in-
hibitory eﬀects on learning and memory. Considering that caﬀeine may have anxiogenic eﬀects, thus changing
the emotional state of the subjects, state-dependent learning may play a role in caﬀeine-induced cognitive al-
terations. Mice were administered 20 mg/kg caﬀeine before training and/or before testing both in the plus-maze
discriminative avoidance task (an animal model that concomitantly evaluates learning, memory, anxiety-like
behaviour and general activity) and in the inhibitory avoidance task, a classic paradigm for evaluating memory
in rodents. Pre-training caﬀeine administration did not modify learning, but produced an anxiogenic eﬀect and
impaired memory retention. While pre-test administration of caﬀeine did not modify retrieval on its own, the
pre-test administration counteracted the memory deﬁcit induced by the pre-training caﬀeine injection in both the
plus-maze discriminative and inhibitory avoidance tasks. Our data demonstrate that caﬀeine-induced memory
deﬁcits are critically related to state-dependent learning, reinforcing the importance of considering the partici-
pation of state-dependency on the interpretation of the cognitive eﬀects of caﬀeine. The possible participation of
caﬀeine-induced anxiety alterations in state-dependent memory deﬁcits is discussed.
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Introduction
Caﬀeine is the most widely used psychoactive substance
in the world (Nehlig, 1999) and it is generally believed to
improve learning and memory (Cunha and Agostinho,
2010 ; Glade, 2010). However, an accurate review of
studies on this subject shows that there are mixed results.
While many studies suggest an improving eﬀect of caf-
feine either in animal (Prediger et al., 2005a, b, c, d ; Costa
et al., 2008 ; Botton et al., 2010) and human (Riedel et al.,
1995 ; Lieberman et al., 2002 ; Haskell et al., 2008) models
of learning andmemory, other studies report that caﬀeine
does not aﬀect memory (Furusawa, 1991 ; Hudzik and
Wenger, 1993 ; Smith et al., 1994) or even impairs it
(Corodimas et al., 2000 ; Silva and Frussa-Filho, 2000;
Childs and de Wit, 2006). Speciﬁcally, caﬀeine pre-train-
ing administration disrupts test performance in the in-
hibitory avoidance task (Angelucci et al., 1999) and in the
discriminative avoidance task (Gulick and Gould, 2009a).
Concerning the possible reasons for this controversy,
in all of the above-cited reports where caﬀeine adminis-
tration led to an amnestic eﬀect, the drug was adminis-
tered prior to training. Thus, a speciﬁc inhibitory eﬀect of
caﬀeine on memory acquisition could explain many of
the contradictory reports found in the literature. This in-
hibitory eﬀect on acquisition could be related to a direct
impairment eﬀect on learning or to the phenomenon of
state-dependent learning. As for the latter possibility, the
retrieval of a memory may require that the organism be in
a state that is similar to that in which the memory was
initially acquired (Bruins Slot and Colpaert, 1999 ; Ceretta
et al., 2008). Because caﬀeine produces anxiogenic eﬀects
in humans (Lader and Bruce, 1986) and in animal models
(Lister, 1987), thereby changing the emotional state of
the subjects, an inﬂuence of state-dependent learning in
caﬀeine-induced cognitive alterations could be possible.
Alternatively, the anxiogenic eﬀect of caﬀeine and its
psychostimulant action could interfere with learning
processes, leading to contradictory ﬁndings. Thus, the
investigation of the eﬀects of pre-training administration
of caﬀeine on the plus-maze discriminative avoidance
Address for correspondence : Dr R. Frussa-Filho, Departamento de
Farmacologia – UNIFESP, Rua Botucatu, 862, Ed. Leal Prado, 1x andar,
04023062, Sa˜o Paulo, SP, Brasil.
Tel. : 55 11 5549 4122 Fax : 55 11 5549 4122
Email : frussa.farm@epm.br
* These authors contributed equally to this work.
International Journal of Neuropsychopharmacology (2013), 16, 1547–1557. f CINP 2013
doi:10.1017/S1461145712001551
ARTICLE
 by guest on June 3, 2016
http://ijnp.oxfordjournals.org/
D
ow
nloaded from
 
task is interesting because this animal model can con-
comitantly and independently evaluate memory reten-
tion, anxiety and motor function (Silva et al., 1997 ; Silva
and Frussa-Filho, 2000 ; Niigaki et al., 2010 ; Ribeiro et al.,
2010 ; Gulick and Gould, 2011). Using this animal model,
we (Silva and Frussa-Filho, 2000) and others (Gulick
and Gould, 2009a) have demonstrated that pre-training
administration of caﬀeine produces an anxiogenic eﬀect
in the training session and inhibits the retention of the
discriminative avoidance memory.
In the present study, we investigated the possible par-
ticipation of the state-dependency phenomenon on the
eﬀects of the pre-training administration of the amnestic
dose of 20 mg/kg caﬀeine on learning, memory, anxiety
and motor function in mice subjected to the plus-maze
discriminative or inhibitory avoidance tasks. In addition,
we also investigated the eﬀects of an acute administration
of caﬀeine exclusively on a low baseline memory retrieval
both in plus-maze discriminative and inhibitory avoid-
ance tasks.
Method
Subjects
Swiss male mice aged 3 months (outbred, raised and
maintained in the Centre for Development of
Experimental Models in Medicine and Biology,
Universidade Federal de Sa˜o Paulo) were used. Animals
weighing 30–35 g were housed under controlled tem-
perature (22–23 xC) and lighting (12 h light, 12 h dark;
lights on 06:45 hours) conditions. Food and water were
available ad libitum. Animals used in this study were
maintained in accordance with the National Institute of
Health Guide for the care and use of laboratory animals
(NIH Publications No. 80–23), revised 2011 and the
Brazilian Law for Procedures for Animal Scientiﬁc Use
(#11794/2008). The experimental procedures were ap-
proved by the Institutional Animal Care and Use
Committee under the protocol #0960/09.
Drugs
Caﬀeine (RBI1) was diluted in saline and given i.p.
in a volume of 10 ml/kg body weight at the dose of
20 mg/kg. Saline was used as the control solution.
Test paradigms
Here, we employed two aversively motivated memory
tasks : the classical inhibitory avoidance and the plus-
maze discriminative avoidance task. In both memory
models, the mice only experience the aversive stimuli
when and if they enter the aversive context (dark cham-
ber or the aversive enclosed arm, respectively). Although
the inhibitory avoidance paradigm is widely employed in
memory ﬁeld investigation, it can be markedly inﬂu-
enced by other behavioural factors, such as anxiety and
motor activity. However, these factors are not explicitly
measured during the tasks. Therefore, we also examined
the eﬀects of caﬀeine using the plus-maze discriminative
avoidance task, which allows concurrent but indepen-
dent evaluation of learning, memory, motor activity and
innate fear response (to the open arms). Importantly, the
use of these two tasks with aversive nature aimed to in-
vestigate the participation of state-dependency learning
on caﬀeine-induced cognitive deﬁcits, which had been
previously demonstrated using these aversive animal
memory models (Angelucci et al., 1999 ; Silva and Frussa-
Filho, 2000).
Plus-maze discriminative avoidance task
The plus-maze discriminative avoidance task consists of
a modiﬁed elevated plus-maze made of wood, containing
two enclosed arms with sidewalls and no top (28.5r
7r14 cm) opposite to two open arms (28.5r7 cm). A
100 W lamp was placed over the exact centre of one of the
enclosed arms (aversive enclosed arm). In the training
session, each mouse was placed in the centre of the ap-
paratus ; during a 10 min (expt I) or 3 min (expt III) peri-
od, an aversive stimulus was administered every time the
animal entered the enclosed arm containing the lamp and
continued until the animal left the arm. The aversive
stimulus consisted of both the illumination of the 100 W
light and an 80 dB noise. The source of the noise was the
horizontal displacement of a piece of metal against a
piece of wood produced continuously by a small machine
placed under the aversive enclosed arm. In the test ses-
sion, mice were placed in the centre of the apparatus and
were observed for 3 min. However, mice did not receive
the aversive stimuli when they entered the aversive en-
closed arm, although the non-illuminated lamp was still
placed in the middle of this arm to help distinguish be-
tween the aversive and non-aversive enclosed arm. In all
experiments, the animals’ behaviour was recorded by an
observer blind to the experimental conditions and the
apparatus was cleaned with a 5% alcohol solution after
each behavioural session. Total number of entries in any
of the arms (an entry was deﬁned as the entry of all four
paws into one arm), percent time spent in the aversive
enclosed arm (time spent in aversive enclosed arm/time
spent in both enclosed arms) and percent time spent in
open arms (time spent in open arms/time spent in both
open and enclosed arms) were calculated. Learning was
evaluated by the decrease in percent time spent in the
aversive enclosed arm throughout the training session.
Memory was evaluated by the time spent in the aversive
vs. non-aversive enclosed arms in the testing. Anxiety-
like behaviour was evaluated by the percent time spent in
the open arms of the apparatus. Total number of entries
in any of the arms was used to evaluate motor activity.
Inhibitory avoidance task
The method described by Denti and Epstein (1972) was
used. The apparatus employed was a two-way shuttle
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box with a guillotine door placed between the two
modular testing chambers. One chamber was illuminated
by a 40 W light, while the other remained dark. The
animals were individually placed in the illuminated
chamber facing away from the guillotine door. When the
mouse entered the dark chamber, the door was noise-
lessly lowered and a 0.4 (expt II) or a 0.1 mA (expt IV)
foot shock was applied for 1 s through the grid ﬂoor.
During testing, animals were placed again in the illumi-
nated chamber. In both behavioural sessions, the latency
in entering the dark chamber was recorded, with cut-oﬀ
duration of 300 s.
Statistical analysis
Before conducting the parametric tests, all variables
were checked for normality (Shapiro–Wilk test) and
homogeneity (Levene’s test), which validated the use of
the parametric test. Data from expts I and II were com-
pared using independent samples T test or analysis of
variance (ANOVA) with repeated measures and
Duncan’s test for the training parameters and two-way
ANOVA or ANOVA with repeated measures and
Duncan’s test for the testing data. In expts III and IV, data
were compared using T test for independent samples.
The decrease in percent time spent in the aversive en-
closed arm throughout the training was compared using
ANOVA with repeated measures in expt I. In addition,
percent data (time spent in the open arms in expts I and
III) were arc sin transformed before analysis in order to
meet the assumptions for ANOVA. A probability of
p<0.05 was considered signiﬁcant.
Experimental design
Expt I : role of state-dependency in memory impairment
induced by acute administration of caﬀeine in mice tested in
the plus-maze discriminative avoidance task
Mice were randomly assigned to one of the following
groups : pre-training/pre-test administration of saline
(Sal-Sal, n=10) ; pre-test administration of caﬀeine
(Sal-Caf, n=10) ; pre-training administration of caﬀeine
(Caf-Sal, n=10) ; pre-training/pre-test administration of
caﬀeine (Caf-Caf, n=10). Groups of 20 mice received
saline or 20 mg/kg caﬀeine. Following the injection (after
30 min), all animals underwent a 10-min training session
in the plus-maze discriminative avoidance task and the
behavioural parameters were registered min-by-min.
Following the training session (after 24 h), 10 animals
in the pre-training saline group received another saline
injection (Sal-Sal), while the other 10 mice received
20 mg/kg caﬀeine (Sal-Caf). Similarly, 10 animals in
the pre-training caﬀeine group received a saline
injection (Caf-Sal) and the other 10 mice received another
20 mg/kg caﬀeine administration (Caf-Caf). A 3-min
test session was performed 30 min after the second
injection.
Expt II : role of state-dependency in memory impairment
induced by acute administration of caﬀeine in mice tested in
the inhibitory avoidance task
The same experimental design as expt I was employed,
except that mice were subjected to the inhibitory avoid-
ance task. In this experiment, when mice entered the dark
chamber during the training session, they received a
0.4 mA foot shock for 1 s. No foot shock was applied
during testing that occurred 24 h after training.
Expt III : eﬀects of pre-test caﬀeine acute administration on a
low baseline discriminative avoidance task retrieval
Mice were randomly assigned to one of the following
groups : saline (Sal-Sal, n=10) or caﬀeine (Sal-Caf, n=10).
Thirty min after a saline injection, mice underwent a
3-min training session in the plus-maze discriminative
avoidance task. Following training (after 15 d), animals
received saline or 20 mg/kg caﬀeine injections. A 3-min
test session was performed 30 min after the second
injection. This experiment was designed to verify
whether pre-test caﬀeine administration would facilitate
retrieval of the discriminative avoidance memory when
performance was at low levels.
Expt IV: eﬀects of pre-test caﬀeine acute administration on
a low baseline inhibitory avoidance task retrieval
The same experimental design as expt III was employed,
except that mice were subjected to the inhibitory avoid-
ance task. In this experiment, when mice entered the dark
chamber during the training session, they received a
0.1 mA foot shock for 1 s. No foot shock was applied
during testing. As in expt III, this experiment was also
designed to verify whether pre-test caﬀeine adminis-
tration would facilitate retrieval when performance was
at low levels.
Results
Expt I : role of state-dependency in memory impairment
induced by acute administration of caﬀeine in mice
tested in the plus-maze discriminative avoidance task
The performance of all groups was compared during the
training. In this session, both the Sal-Sal and Sal-Caf
groups performed training after a saline injection, while
both the Caf-Sal and Caf-Caf groups performed training
under the inﬂuence of caﬀeine. The second saline (Sal-Sal
and Caf-Sal) or caﬀeine (Sal-Caf and Caf-Caf groups) in-
jection was administered only before testing. Thus, in
the training session, data from animals of the Sal-Sal and
Sal-Caf groups were pooled into the Sal group, whereas
data from the Caf-Sal and Caf-Caf groups were pooled
into the Caf group.
In the training session, ANOVA with repeated mea-
sures with arm type (aversive vs. non-aversive) as a
within-subject factor and pre-training treatment (saline or
Caﬀeine and state-dependency 1549
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caﬀeine) as a between-subject factor only revealed sig-
niﬁcant arm type eﬀect (F1,38=551.06, p<0.001). Duncan’s
post hoc test revealed that all animals spent signiﬁcantly
less time in the aversive than in the non-aversive en-
closed arm during this session (Fig. 1a). ANOVA for the
percent time spent in the aversive arm, with pre-training
treatment (salinercaﬀeine) as a between-subject factor
and time (min of observation) as a repeated measure
factor, only revealed a signiﬁcant eﬀect of time
(F9,342=8.05, p<0.001). Indeed, the percent time spent in
the aversive arm was decreased by the same magnitude
in both groups, demonstrating an equivalent learning le-
vel of the task, regardless of the treatment (data not
shown).
As depicted in Fig. 1b, T test for independent
samples revealed that mice treated with caﬀeine (Caf
group) spent a lower percent time in open arms com-
pared to those treated with saline (Sal group), showing an
anxiogenic eﬀect for caﬀeine (T38=2.47, p<0.05). In ad-
dition, when data were arc sin transformed, this anxio-
genic eﬀect was corroborated (T38=2.46, p<0.05).
Conversely, no signiﬁcant diﬀerences were found be-
tween groups when the total number of entries was
analysed (data not shown).
In the testing, ANOVA with repeated measures with
arm type (aversive vs. non-aversive) as a within-subject
factor and pre-training and pre-test treatments (saline or
caﬀeine) as between-subject factors revealed signiﬁcant
eﬀects of arm type (F1,36=35.45, p<0.001), pre-training
treatmentrarm type (F1,36=4.71, p<0.05), pre-test treat-
mentrarm type (F1,36=4.24, p<0.05) and pre-training
treatmentrpre-test treatmentrarm type (F1,36=3.42,
p<0.05) interactions. Post hoc analysis by Duncan’s test
revealed that, with the exception of the group of animals
treated pre-training with caﬀeine (Caf-Sal), all the other
groups (Sal-Sal, Sal-Caf and Caf-Caf) spent signiﬁcantly
less time in the aversive than in the non-aversive en-
closed arm (Fig. 1c).
Two-way ANOVA for percent time spent in the open
arms arc sin transformed did not reveal any signiﬁcant
eﬀects (Fig. 1d). Concerning the total number of entries,
two-way ANOVA did not reveal signiﬁcant eﬀects in the
test session (data not shown).
Expt II : role of state-dependency in memory impairment
induced by acute administration of caﬀeine in mice
tested in the inhibitory avoidance task
The performance of all groups was compared during the
training. In this session, both the Sal-Sal and Sal-Caf
groups performed training after a saline injection, while
both the Caf-Sal and Caf-Caf groups performed training
under the inﬂuence of caﬀeine. The second saline (Sal-Sal
and Caf-Sal) or caﬀeine (Sal-Caf and Caf-Caf groups)
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Fig. 1. Eﬀects of caﬀeine on the performance of pre-training and/or pre-test treated mice in the plus-maze discriminative avoidance
task. Mice were treated with saline (Sal) or 20 mg/kg caﬀeine (Caf) 30 min before a 10-min training session and then tested 24 h later,
30 min after another injection of Sal or 20 mg/kg Caf. Results are presented as mean¡S.E. of time (s) spent in the non-aversive and in
the aversive enclosed arms and percent time spent in the open arms of the plus-maze discriminative avoidance task apparatus in the
training (a and b, respectively) and test (c and d, respectively) sessions. * p<0.05 compared to the time spent in the non-aversive
enclosed arm (analysis of variance with repeated measures and Duncan’s test), x p<0.05 compared to pre-training Sal-treated groups
(independent samples T test).
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injection was administered only before testing. Thus, in
the training session, data from animals of the Sal-Sal and
Sal-Caf groups were pooled into the Sal group, whereas
data from the Caf-Sal and Caf-Caf groups were pooled
into the Caf group.
As depicted in Fig. 2a, in the training session, T test for
independent samples did not reveal any signiﬁcant dif-
ference between groups when the latency in entering the
dark chamber of the apparatus was analysed.
In the testing, two-way ANOVA showed signiﬁcant
pre-trainingrpre-test treatment interaction eﬀect
(F1,36=10.35, p<0.05). In this way, only the Caf-Sal group
presented a decreased latency in entering the dark
chamber when compared to all of the others groups (Sal-
Sal, Sal-Caf and Caf-Caf (Fig. 2b).
Expt III : eﬀects of pre-test caﬀeine acute administration
on a low baseline discriminative avoidance task
retrieval
Expts III and IV were designed in order to investigate a
possible facilitative eﬀect of caﬀeine per se on the retrieval
of plus-maze discriminative avoidance and inhibitory
avoidance tasks, respectively.
In the training session of expt III, ANOVA with
repeated measures with arm type (aversive vs. non-
aversive) as a within-subject factor and pre-test treatment
(saline or caﬀeine) as a between-subject factor only
revealed a signiﬁcant arm type eﬀect (F1,18=55.10,
p<0.001). Duncan’s post hoc test revealed that both
groups spent signiﬁcantly less time in the aversive
than in the non-aversive enclosed arm during this session
(Fig. 3a).
T test for independent samples did not reveal any sig-
niﬁcant diﬀerences between groups concerning either the
percent time in open arms arc sin transformed (Fig. 3b) or
the total number of entries in the training (data not
shown).
In the testing, ANOVAwith repeatedmeasures did not
reveal any signiﬁcant eﬀect. In fact, both groups showed
similar exploration of the enclosed arms (Fig. 3c).
T test for independent samples did not reveal any sig-
niﬁcant eﬀects for percent time spent in the open arms arc
sin transformed (Fig. 3d). T test for independent samples
for total number of entries did not reveal signiﬁcant
eﬀects in the test session (data not shown).
Expt IV: eﬀects of pre-test caﬀeine acute administration
on a low baseline inhibitory avoidance task retrieval
T test for independent samples did not reveal signiﬁcant
diﬀerences between groups when the latency in entering
the dark chamber of the apparatus was analysed both in
training and testing sessions (Fig. 4a, b, respectively).
Discussion
While there is extensive literature suggesting a facil-
itatory eﬀect of caﬀeine on memory, many studies have
reported inhibitory eﬀects on retention after pre-training
administration of this psychostimulant, thereby suggest-
ing that caﬀeine can speciﬁcally impair some aspects of
the acquisition phase of the learning/memory processes.
The present study corroborates the data reported by
Silva and Frussa-Filho (2000) by demonstrating that pre-
training administration of 20 mg/kg caﬀeine produced
anxiogenic eﬀects and decreased retention in mice
subjected to the plus-maze discriminative avoidance
task. Extending these ﬁndings, the present work demon-
strated that the pre-training caﬀeine-induced amnesia in
distinct memory models was not due to a direct impair-
ment of learning. However, it was critically related to
the state-dependent learning phenomenon because sub-
sequent pre-test caﬀeine administration abolished the
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Fig. 2. Eﬀects of caﬀeine (Caf) on the performance of pre-training
and/or pre-test treated mice in the inhibitory avoidance task.
Mice were treated with saline (Sal) or 20 mg/kg Caf and,
30 min later, they were placed in the light chamber of the
inhibitory avoidance task apparatus. After entering the dark
chamber, they received a 0.4 mA foot shock. Later (24 h) and
30 min after an injection of Sal or 20 mg/kg Caf, mice were
tested. Results are presented as mean¡S.E. of latency (s) in
entering dark chamber of the inhibitory avoidance task
apparatus during the training (a) or testing (b) sessions.
* p<0.05 compared to all groups (two-way analysis of
variance and Duncan’s test).
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amnestic eﬀect produced by the pre-training injection of
caﬀeine.
In the plus-maze discriminative avoidance task, the
avoidance of the aversive enclosed arm upon testing has
been validated as a measure of retention because classical
amnesticmanipulations, such as scopolamine (Claro et al.,
1999 ; Silva et al., 1999, 2002b), chlordiazepoxide (Silva
and Frussa-Filho, 2000, 2002 ; Calzavara et al., 2004),
ethanol (Kameda et al, 2007; Gulick and Gould, 2009a, b,
2011 ; Sanday et al., 2012a) and sleep deprivation (Silva
et al., 2004 ; Alvarenga et al., 2008 ; Patti et al., 2010)
decrease avoidance. In contrast, putative memory-im-
proving treatments, such as gangliosides (Silva et al., 1997,
1999, 2000) and phosphatidylserine (Claro et al, 1999) in-
crease this behaviour. In addition, the percent time spent
in the open arms of the apparatus during training has
been validated as a measure of anxiety because classical
anxiolytic agents, such as chlordiazepoxide (Silva and
Frussa-Filho, 2000, 2002 ; Calzavara et al., 2004) and etha-
nol (Kameda et al, 2007 ; Gulick andGould, 2009a, b, 2011 ;
Sanday et al., 2012a) increase this parameter, while
classical anxiogenic drugs, such as caﬀeine, decrease it
(Silva and Frussa-Filho, 2000 ; Gulick and Gould, 2009a).
In the present study, pre-training administration of
20 mg/kg caﬀeine signiﬁcantly decreased the avoidance
of the aversive enclosed arm upon testing and diminished
the percent time spent in the open arms of the apparatus
in the training session. Thus, these eﬀects were inter-
preted as amnesia and an anxiogenic action, respectively.
Concerning the amnesia induced by the pre-
training administration of caﬀeine, it could, at ﬁrst
sight, be related to a direct impairment of the acquisition
of the task. However, this was not the case because
there was no signiﬁcant diﬀerence in the way mice
pre-treated with caﬀeine or saline progressively learned
to avoid the aversive enclosed arm throughout the
training session. Thus, both caﬀeine and saline
pre-treated mice equally learned the discriminative
avoidance task. In this respect, more recently we have
validated the model in the quantiﬁcation of learning
(Silva et al., 2004 ; Carvalho et al., 2006 ; Patti et al., 2006;
Alvarenga et al., 2008 ; Sanday et al., 2012a, b, c ; Zanin
et al, 2012).
The conclusion that the amnesia induced by pre-
training administration of caﬀeine was not produced by a
direct impairment eﬀect of caﬀeine on the acquisition
of the task was strengthened by the observation that a
subsequent pre-test caﬀeine administration abolished the
amnestic eﬀect produced by the pre-training injection of
the drug. Importantly, this observation demonstrates the
involvement of state-dependent learning on the amnestic
eﬀect of the pre-training caﬀeine administration. While
state-dependency involving caﬀeine has been demon-
strated in some clinical studies (Kelemen and Creeley,
2003 ; Mystkowski et al., 2003), as far as we know, this is
the ﬁrst study to demonstrate state-dependent learning
involving caﬀeine in an animal model of learning and
memory.
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Fig. 3. Eﬀects of pre-test caﬀeine (Caf) acute administration on a low baseline discriminative avoidance task retrieval. Mice were treated
with saline (Sal) 30 min before a 3-min training session. Fifteen days after training, mice received another Sal or a 20 mg/kg Caf
injection and were tested 30 min later. Results are presented as mean¡S.E. of time (s) spent in the non-aversive and in the aversive
enclosed arms and percent time spent in the open arms of the plus-maze discriminative avoidance task apparatus in the training (a and
b, respectively) and test (c and d, respectively) sessions. * p<0.05 compared to the time spent in the non-aversive enclosed arm (analysis
of variance with repeated measures and Duncan’s test).
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In order to verify if state-dependency is critically as-
sociated with memory deﬁcits produced by caﬀeine in
other animal models of memory, expt II was performed
using the inhibitory avoidance task. In this classic animal
model of memory, pre-training caﬀeine did not promote
alterations in the latency for entering the dark chamber in
the training session. Although this result seems to
strengthen the absence of pre-training caﬀeine eﬀects on
learning, the inhibitory avoidance task does not allow a
direct evaluation of such a process. Regarding testing,
pre-training caﬀeine administration also led to clear-cut
amnesia that was completely abolished by the pre-test
caﬀeine administration. Thus, the data obtained in the
inhibitory avoidance task corroborate the participation of
the state-dependency phenomenon in the performance
impairment induced by caﬀeine, as previously described
for the plus-maze discriminative avoidance task.
Within this context, it was suggested that the amnestic
eﬀects induced by pre-training caﬀeine administration in
rodents submitted to both an inhibitory avoidance task
(Angelucci et al, 1999) and a fear conditioning task
(Corodimas et al., 2000) could not be attributed to state-
dependent learning because they were not abolished by a
subsequent pre-test caﬀeine administration. Gulick and
Gould (2009a) have recently demonstrated that the re-
tention deﬁcit induced by pre-training administration of
40 mg/kg caﬀeine in C56BL/6 mice submitted to the
plus-maze discriminative avoidance task was not due to
state-dependent learning. Diﬀerences in mouse strain,
species and especially caﬀeine dose could be related to
the discrepancy between the present data and those
mentioned earlier. Accordingly, we have recently dem-
onstrated that the state-dependent cognitive eﬀects of
ethanol are dose-dependent (Sanday et al., 2012a).
The present data corroborate the anxiogenic eﬀect in-
duced by pre-training caﬀeine administration previously
reported by Silva and Frussa-Filho (2000) and Gulick and
Gould (2009a). In this respect, an increased anxiety level
could have contributed to the internal state of caﬀeine-
treated mice, which causes state-dependent learning.
Indeed, studies in humans have extensively shown that
similar mood conditions can critically contribute to state-
dependent learning (Bower, 1981; Clark and Teasdale,
1982 ; Willner, 1985 ; Blaney, 1986 ; Dalgleish and Watts,
1990 ; Kenealy, 1997). Speciﬁcally concerning anxiety
states, Colpaert (1990) suggested that the state-dependent
learning eﬀects of benzodiazepine-receptor agonists are
linked to their anxiolytic action.
The open-ﬁeld model has been extensively used to
evaluate motor activity in rodents (Frussa-Filho and
Palermo-Neto 1990, 1991 ; Vital et al., 1995 ; Araujo et al.,
2005 ; Frussa-Filho et al., 2010). In this context, the total
number of entries parameter has been proven to be as
sensitive as the open-ﬁeld model to evaluate hypoloco-
motion induced by the catecholamine-depleting agent
reserpine (Silva et al, 2002a; Carvalho et al., 2003, 2006;
Castro et al., 2006), or the well-known biphasic pattern of
ethanol-derived eﬀects on motor activity (Bellot et al.,
1996 ; Araujo et al., 2005, 2006, 2009 ; Kameda et al., 2007;
Gulick and Gould, 2009a, b, 2011 ; Sanday et al., 2012a). In
addition, we have demonstrated that hyperlocomotion
induced by non-drug procedures, such as continuous
exposure to light (Abı´lio et al., 1999) or paradoxical sleep
deprivation (Frussa-Filho et al., 2004), can be eﬀectively
detected by the total number of entries in the plus-maze
discriminative avoidance task (Castro et al., 2005 ; Patti
et al., 2010). These concerns notwithstanding, the well-
known locomotor stimulatory eﬀects of caﬀeine, veriﬁed
in the open-ﬁeld at a similar dose range to that used in the
present study (Meliska and Loke, 1984 ; Meliska et al.,
1990 ; Angelucci et al., 1999), were not detected in the
plus-maze discriminative avoidance task (present data,
Silva and Frussa-Filho, 2000 ; Gulick and Gould, 2009a).
The discrepancy between the plus-maze dis-
criminative avoidance task and the open-ﬁeld ﬁndings
concerning the increased motor activity induced by
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Fig. 4. Eﬀects of pre-test caﬀeine (Caf) acute administration on a
low baseline inhibitory avoidance task retrieval. Mice were
treated with saline (Sal) and, 30 min later, they were placed in
the light chamber of the inhibitory avoidance task apparatus.
After entering the dark chamber, they received a 0.1 mA foot
shock. Fifteen days after training and 30 min after an injection of
Sal or 20 mg/kg Caf, mice were tested. Results are presented as
mean¡S.E. of latency (s) in entering dark chamber of the
inhibitory avoidance task apparatus during the training (a) or
testing (b) sessions.
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caﬀeine could be due to the experimental situation be-
cause there are qualitative environmental diﬀerences be-
tween these two animal models. In fact, while the open-
ﬁeld arena can be a neutral environment, the plus-maze
discriminative avoidance task contains two open arms
naturally avoided by rodents and one aversive enclosed
arm, which can be actively avoided, making this appar-
atus more anxiogenic than the open-ﬁeld. In this way,
highly illuminated (i.e. more aversive) open-ﬁeld has
been shown to decrease spontaneous (Bouwknecht et al.,
2007) or drug-induced (Fukushiro et al., 2010) locomotor
activity. Thus, the absence of the hyperlocomotor eﬀect of
caﬀeine in the plus-maze discriminative avoidance task
could be explained by an increased anxiety-like behav-
iour induced by the drug in an aversive environment. In
full support of this assumption, we have previously
demonstrated that co-administration with an anxiolytic
dose of chlordiazepoxide abolished the anxiogenic eﬀect
of 20 mg/kg caﬀeine in the plus-maze discriminative
avoidance task and released its locomotor stimulant ef-
fect, measured by the total number of entries (Silva and
Frussa-Filho, 2000).
Because both pre-training and pre-test caﬀeine ad-
ministrations were unable to produce locomotor stimu-
lation in the plus-maze discriminative avoidance task, we
concluded that caﬀeine produced an anxiogenic state in
the training and in the test sessions, allowing the pre-
training plus pre-test caﬀeine treated mice (Caf-Caf
group) to recall the task. Conversely, animals only treated
with caﬀeine before training presented increased anxiety
only in the training session, thereby presenting a state-
dependent amnesia. Supporting this notion, we have
shown that abolition of the anxiogenic eﬀect of pre-
training caﬀeine administration by the co-administration
of chlordiazepoxide was also able to abolish the amnestic
eﬀect of the drug (Silva and Frussa-Filho, 2000).
Importantly, the present results do not support the
idea that state-dependent learning is bi-directional ; i.e.
animals that were trained after a saline injection should
present retention deﬁcits when caﬀeine was administered
before the test session. In the present study, mice pre-test
treated with caﬀeine had their memory preserved. In this
respect, previous data have shown that drug-to-vehicle
state alterations often exert greater state-dependent ef-
fects than vehicle-to-drug changes (Colpaert, 1990;
Jackson et al., 1992 ; Patti et al ; 2006).
It could be argued that the pre-test caﬀeine would have
exerted a positive modulatory eﬀect on memory retrieval,
regardless of the memory model employed. To address
this, we designed expts III and IV to investigate whether
pre-test caﬀeine administration would reactivate low
baseline memories. For that, we reduced the training time
in the plus-maze discriminative avoidance task (from 10
to 3 min; expt III) and the foot shock intensity in the
inhibitory avoidance task (from 0.4 to 0.1 mA; expt IV).
Pre-test caﬀeine per se was not able to reactivate memory
retrieval in either memory model. Thus, the absence of
pre-test caﬀeine eﬀects on retrieval (even when memory
retrieval baseline is high; expts I and II, or low; expts III
and IV) seems to corroborate the participation of the
state-dependency phenomenon in the caﬀeine-induced
amnesia.
In conclusion, our results corroborate previous ﬁnd-
ings that describe impairment of retention of a dis-
criminative avoidance task induced by acute pre-training
administration of caﬀeine (Silva and Frussa-Filho, 2000;
Gulick and Gould, 2009a). The present results also dem-
onstrate that caﬀeine induces amnesia in the inhibitory
avoidance task. Importantly, caﬀeine-induced memory
deﬁcits are state-dependent. Additionally, we suggest
that the anxiogenic eﬀect of caﬀeine could critically con-
tribute to the ability of retrieving a discriminative task.
These results reinforce the importance of considering
the participation of state-dependent learning in the in-
terpretation of the cognitive eﬀects of this widely used
drug.
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